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Fig. 1. Left panel shows bottom topography around Hokkaido and schematic view of current systems
around Nemuro Strait (SWC : Soya Warm Current, ESC : East Sakhalin Current). Numerals of bot-
tom contour are in meters. Double circles indicate tidal observation stations at Abashiri (Aba) and
Hanasaki (Han). Right panel shows the map of study area with bottom topography. Solid circles in-
dicate hydrographic observation points of CTD (Stn.1—16). Open circles and triangles indicate the
monitoring five stations of coastal water temperature (Aid, Yag, Sak, Icy and Cya) and AMeDAS
three stations of wind (Rau, Sib and Nos), respectively.

LTwa (Fig. 1GMD. Fric, kel o 2o K
BRI OmAikicbi s, Thwi, &L, EHmEE
PIAEL TV LT, HBEMPOHKZKE 2T
5 ENELGIHEN N5,

WEHBEO IR B 2 4 & — v 7 o LigEinFiEc
R EICHE  OEERENEfSh, BE»OSEEIC
SR TR T S 2 R ERK (Soya Warm
Current Water ; LI'F, SWCW &05d), XFICTRIK
T AR THREUN U & 1 2 SREERHTR K (East Sakhalin
Current Water; LI'F, ESCW &5d) &\ 5B /K
RS s Twa I EMFonTwE FlAE,

(11 %,1999 ; Ttoh and Oshima, 2000), TH 5 DD
IREESIRE WY Ic B 0T, FEIFNCED L H I L
TWBDEREND T EBTENE, MEeERE ok
BT BIEMAES S ENTE S, L Lo,
R OHIRD 72 (HEEHR 5 A » DIFELE), ik O
EMEEB AR ICRES N TV L, &51T, E
ey oFIcBE T 2 1E#R b, EEkE2» (2007) 12Xk 5—
M5 O IR BRIERG L W E VWS R H B, %
Nz, WEOMEICE T 2 IREHERN OFEN DL,
e JE 0 g I D K B A (B2, 1956; K4, 1989;/ NTZ I,
1990) iz B OIKAZE (BEH 32>, 2003) %= & &I



RE AR B 1 2 KIE RO FEIZAL 91

L 7RISR I3 & A ETh - 1o,

o k5 nBRoh, /NEIZA (2007) & Oguma et
al. (2008) TiF, D VIKE, HOEE%ZATRE/SIR
DIEEREIEL, & 51T, kI o dab 2T,
R &R O LERNIREAEHD 2% & LT L 7ok
BEDOFEHZEALD) O, #IkNORN ZEERHE L <
Who %S OBFFERR IR E HIE D R B 2l 5 B
B IZE > Ty, HEEEBON 2R EYS T
5&, UFoXS5cBHanz, () 4+—v 7o
SWCW (3L o2&\ it T =R L 2 P - THl
B 20, WO wigEsicE chiBldsl i3
NThs, chwz, Dl Ed, SWCW M43k
BEb-> THRE2E#RL TV EESAEV, MAT,
SWCW D3 AREFEANTR T 2 F Ik fiik 13, AR gk
KO bHIch HfthpigkTd 5 EHERIL TV B, (2)
NI B 1 KT A E A BBRDOKBE L v F A vy —
E LT, SWCW, Z'HE L7 ESCW, #HEiKko 3 RK%
BESRETHY, EIRBPEELMORWEETE,
NoIT)IK & U < FRDKOKRDIND 5, (3) B DG
e o h AT REEFE LGS 7 e v b G 7 e b))
e E N5, (4) KEOEIEALIZEAKE T PR
BEMEEMETH B Lo, BlEIRK (ERESK) M
HigEM» otz S &AL TV 2, Tr i3
D &S IRHFEEIR & D, M= N O d KR % Rl T
B rcdiTid, FhEEIT 310 2IKBUR S O [ &R R
SIRANT Y (€ I 2l Y i L TS e P S DR AN b g E AN
Slinwl Lzt ons,

LaboskBiohT, @wkdtiics 5 SWCW D 26H)
B LTI, ERkE A (2007, 2008) 1Tk - TGS
TWb, Hoid, EFomkitifciambEic ks
SWCW D AWM Ti» 4 U 5 T & ZifgrEeii &
REME T — 5 2 & LI L, BiEE 7 vIic &k 5in
AR PE S RGO BB ZIT-> TV 5, &
BS, —»r HEEOHZREHR - TV 5720, % DHij%
D SWCW OEBic oW TR At TVE L, £
2T, AWFEOHIIE, HHIEHES OERICRS NS
bO?, k50 4R GRENIZEE O 20 FERD 1T -
TER s 72 ADCP (Acoustic Doppler Current Pro-
filer) & GEK (Geomagnetic Electro-Kinetograph)
BEL O T & B S oSSR R O REIZA L%

PORL, /NEEIZ A (2007) & Oguma et al. (2008) 73
Fah U 7o ZREI 1K B 7o R HERIGR & D RG22 35 -,
17> (2007, 2008) HEFOBINTHA D7z SWCW
ABFED & OREELE L BRI o0 2R T 52 &
Tdh b,

2. BWERLETEA

R O s _EEl 2 HER 3 5 7oz, I L 7o
F (Raw), £ (Sib), ##H (Nos) @ AMeDAS
(Automated Meteorological Data Acquisition Sys-
tem) HiIi5 (Fig. 1(b) DAHD o Lm AR L 7o,
fRITICH W T — 7 1E, K[GITDH— 4 ~<— (http:
//www.jma.go.jp./jma/index.html) (Z&FfHF STV
5 Az En & s T Hh b, 1985—2004 FEod 20
FERD 7 — 4 2@ Lz, KX TiEHKRZER & A
EauE H S Bty & BE ALy O RO 2 5T L 72 iR,
20 O ABEEEE N7 v AL TV S, SR
KB gEE v 7 —Ti}, RBHERESY 10 km, AR
D 3 Wefilfg O AR B T 5 4 v 2 — VEB#
fr5 — % (Meso-scale analysis data : LI, MANAL
EME9d) 2L TVWBE, TDO MANAL FEHL9 5 JH
BiciE, BELholliFE#E iy S o BRSFHRE SN
TH D, AMeDAS MO Fal & OBIfRZHFH N2 &
MWTE B, KFIrTld, &t DFENTETH 5 2007 4
1 H—2007 10 H® MANAL 57— % %2 {dif L 7c,

IR I3 AR A £ ~ 4 — (CMDC : Coastal
Movements Data Center) @ & — &~ — Y (http://
cais.gsi.go.jp/cmdc/center/graph/kaiikil.html) i<
Bk T (Aba) &1EDE (Han) o 2 Hifi%
HEIRL, T35l (1994—2007 5) © H 9]
(L7 — & Z T L 7o iR IR O 3507 & Fig. 1
(@) DOHITRT, TN 5D A IR AR Ic B
CHRFEEOH (Aba) LIREFEOR (Han) ISfiiE
LTwWa T Ems, BHED (2003) TS D KA
722 SFIRN O O FEIZ L RIS HERI L TV 5,
Bk, fE (Aba) ® 200046 H&E THDF—% 3K
WTh -1 BEDT— 5 2RV B, BRilbd 2L
51T, fEME (Han) 126 2 [EE s D FEEZ(LAIE
WICRZEVIDTH B, BT — 8 ORKMIEZITES S



92 A& o BRI « P -

e, [EFOF— b=V (7 FL2EFELEER
IKEFRs N TV B [EIR,  [E S o SR < 7 —
7 Z2(HH Lo KAk d 1018hPa 284 E LT, —1
em/hPa TiT- 72, & 51T, MWBEFBERA L v & — 6L
R (2002 FERERR) ICRRE S T W B iR E T O (6] E
RS & BIIPRSEIE R OB Z VT, WA AL
(TP : Tokyo Peil) FH#ED A 3PN ICHE L 7o i %
WTWa,

IR G D itk O FHIZ L ZH S 2 L DT 21
—D7F =5}, BEICERS NI GEK & ADCP @ 2
> o7V ay MBRERR T - 23 Th B, Tho
OF =% FHAARMEHET -5 v ¥ — (JODC : Japan
Oceanography Data Center) ® & — 4 ~<— (http://
www.jodc.go.jp/index_j.html) ICEfHFEI N THB D,
Fig. 1(b) O HIX|FiPH T H 5 42°N—46°N, 141°E—147°E
ZERNTAEI E Lo, 13 & A E D ADCP (37K 30 m LA
EO7T—%, GEK 3EEMIOF—sTh o7, K
fiEt T 3RO & 75 5 TS GEK A5 1953 —
1985 £ 33 4EfiHl, ADCP 2% 1985—2002 4 18 i T
Hb, 1212 L, WREBENIZADCP 77— 083 LA L
THO, GEK 77— 7 3HRFE OIS S K TH
%, £oT, MRHNOHENEE ADCP 7 — % TERH &
Nz, EFaliL 7z AMeDAS HifE D& 7 — 4 O it
DiE 0% ADCP 7— % &[d L 1985 & Lz, 2o
DFLRFEM T — 705 30 (o FHEEREME) %A 5
T 7 —(EERE L IR EER T 2 T 3R -
B (2005) (1ZHEW, ZERE (N7 b E R A 5 —
SO ) OEWHENIGD ST Y F 2 A B 1o DZER
SEEALAEARE A (2007) ITHE- Too

TK DB A 5210 18 RN B 1 20 & ID KR
DREIRZT B foic, RO LR R T I <
NiokKiRE =21 v 7 &k GEH « BERCERE &2
Fhti U 7oKil 7 4 BIERD Ot 2118 -7, £E=%
) v 7 HIEE, Fig. 1(b) O OHIT/R L 72HiH (Aid),
JAKE (Yag), WS (Sak), PR (ey), HXdEE
(Cha) @ 5HIFTH 5, KilmllE (1 REAREIFR) 123
KEOmM ICHEHE L7 — v 75— KEFHHAVLNT
B0, 19891995 F (74 OBl ch s, LirLi
Mo, 1991 FF & 1994 Fid ey TRKlld L i
T 5 —fEAIEFICE L, 1993 FIIRMESE (Sak), 1995

VB e R - B

TR (Sak) &4EH (Cha) KW TbEMO
RS & - 7o WA, 1991 £E & 1994 4E 24 <
5 M DIENT 21775 - oo REDITIHIM B kDEY T
bb, 198915 A 12 H—-8 A 24 H, 1990 #1135 A
24H—-11 H20H, 19924135 H24H-12 H4H,
1993136 H16 H—12 A 12 H, 19954135 H 23 H—
12H3HTH B, 7221, ThOTED KRR
b, WUGICKEREEZRT T 7 -2 1 HEALTE 2 AT
LTWi, 22T, BRI 21T/ S AIORTLEEE LT,
INSDT T —fEIRAETRMEL, ZOREREZNICE T
K E THIEAR 21TV, AR TR REIZ(L 2 H#H~
5 Lz, EHORHFE 15 B &R 16 HDFEHW-
YENE & T I U 7o
HEOHIRNE BB B 5 KRB & s o
BfR 2~ 5 i, 2008 4E 7 H 29 H i dbifiE K7k
PEAHNIRAREM © U B ALz il 7o el 2 520 L 72,
FHATAEH 12, CTD (Conductivity Temperature Depth :
SEA BIRD #:#4 SBE 19plus) 12 & 2 /KR4 & MEZ
B8 ADCP (RD #:#81 150kHZ) i< & 2 fdiimITdh %,
CTD Bl iZ Fig. 1(0) Ic@HIT/R L 72 S1—S16 D&l 16
RMTITV, REOUERE ZEBOmFERE TS
EAEHMNITKZESSOmM FTE Lic, 8, FMKRFERIL
fllo SWC i B\ T, KEWHENIRE LS 2/ A
IIRD T = S A ontcicy, SERLEOET—
FICTRKEHONITEMIETA T4 TV s 7405 —%
ftiL T3, ADCP FHllid CTD Bl o fii Lotk L
TITE W, REH <R ~F 8m OXRE T — & (I H
Lo 1235, @IS O KE 3 IZIE 28T 200 m DIZE
Th-7Ictzd, W€ — KD ADCP HIE I AAFETH -
2o TNWZ, 5 LBID GPS (Global Positioning
System) 7 — % 7 Sy E A EAE AR L, XKE—
K@ ADCP JIE 7> & fivdpk sy 275 Ll < & & Tt
wm AR 2o ADCP 7 — % O Hij WL 3 /NFR 13
(2004) ITHEW, FERE 4" XEERE 6/ O IRCEAST- TR A A
ZXEL, TORTHNT 20 (o l3EERZE) 2HA
5/ 4 X7 =5 ZHIBRL RIS, BTNFEOTRE~N 2
MV ZETE L 7o,



RE IR B 1 2 KIER O FHEIZAL 93

1985-2004

N 2mst

\*‘*‘&f&%i% IR

Rau

S 2ms?

" iF AR A

A
MFH i1 j‘ﬁ
RS

(Month) I } } } } T T T } f
J F M A M J J A S O N D

Fig. 2. Mean annual variations of wind vectors at
AMeDAS three stations of Rausu (Rau), Shibetsu
(Sib) and Nossapu (Nos) during 20 years (1985—
2004). Error bars on the top of each vector indicate
standard error of the monthly mean values.
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Fig. 3. Horizontal distributions of monthly mean
wind vectors (MANAL data) around Nemuro
Strait on January, April, July and October in 2007.
Three triangles indicate locations of AMeDAS sta-
tions (Rau, Sib and Nos).
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Fig. 4. Time variations of (a) monthly adjusted sea
level at Abashiri (Aba; solid line) and Hanasaki
(Han; dashed line) and (b) their sea level difference
(Aba-Han) during 14 years (1994—2007).
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Fig.5. (a) Mean annual variations of monthly mean
sea level at Abashiri (Aba; solid line) and Hanasaki
(Han; dashed line) and (b) their sea level difference
(Aba-Han) during 8 years (2000 —2007). Error
bars indicate standard error of the monthly mean
values.
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Fig. 6. Spatial distribution of GEK and ADCP data
numbers in the 4 X 3" grid for the period from 1954
to 2002.
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Fig. 7. Left panel shows selected rectangular areas (9" x20", 7.5" X6 or 4.5'X10") named by numbers
from 1 to 18. Right panel shows time series of 2-months running mean current vectors at each area.
A origin point of each vector is plotted at the mid—center between pre-month and post-month be-
cause of 2-month mean current vector. Black grid has data number less than 30, so we did not calcu-
late the averaged current. Arrow length denotes the magnitude of current velocity and the thickness
of arrow shows the relative stability in the three ranges of more than 0.4, 0.4—0.2 and less than 0.2.
Dashed line of L1 denotes spatial boundary of bifurcation flows between northward and southward
currents. Dashed lines of L2 and L3 denote temporal boundary between southeastward and west-
ward currents. Dashed line of 1.4 denotes location of Nemuro peninsula tip where seasonal variation

of inflow and outflow dominates.
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Fig. 8. Upper panels show spatial distributions of GEK and ADCP data numbers in the 4’ xX3" grid for
four seasons (Dec.-Mar., Mar.-May, May-Aug., Aug.~Dec.). Lower panels show horizontal distri-
butions of seasonal mean current vectors. The gray areas denote the grids with data numbers less
than 6. Arrow length denotes the magnitude of current velocity and the thickness of arrow shows the
relative stability in the three ranges of more than 0.4, 0.4—0.2 and less than 0.2.
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Fig. 9. Upper panels show horizontal distributions of seasonal mean current vectors after spatial fil-
tering on 4’ X 3" grid. The gray areas denote the grids removed by the spatial filtering. Lower panels
show schematic illustration of seasonal mean surface flow patterns, suggested in the upper panels.
Black and gray arrows denote the flows with southward and northward components, respectively.
Dashed lines of L1 and L2 are spatial and temporal boundaries as discussed in Fig. 7.
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(a) Schematic illustration of mean surface flow pattern in May to August and five locations

of coastal water temperature observations (symbols of @). Dashed lines of L1 and L2 are spatial
and temporal boundaries as discussed in Fig. 7. (b) — (f) Upper panels show time series of spatially

averaged 15-days mean water temperature over five or three stations. Lower panels show space—time

diagrams of 15-days mean water temperature anomalies, after subtracting the spatially mean varia-
tion, in (b) 1989, (c) 1990, (d) 1992, (e) 1993 and (f) 1995. Contour interval is 0.2 °C. Shaded regions
indicate the negative anomalies, i.e., relative colder water. Observed station with open circle has no

data.
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Fig. 11.

(a) Horizontal distribution of sea surface altitude estimated from the dynamic calculation.

Prior to the interpolating process of altitude values calculated in each station, the area is divided into
northern and southern sub—regions by the northeast—southwest axis along Shiretoko Peninsula in
order to avoid creating artificial altitude due to the interpolating process. In each of the two sub—re-
gions, all the data are then interpolated, using a Gaussian filter with an e—folding scale of 25km. Con-
tour interval is 0.02 dynamic meter. Arrow on the contour lines denotes the direction of baroclinic
geostrophic flow with the relative higher altitude to the right hand side. (b) Horizontal distribution
of current vectors at depth of 8 m, obtained by ADCP survey.
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Fig. 12. Vertical distributions of water temperature (upper panels), salinity (middle panels) and den-

sity (lower panels) at three cross sections of A (Stns.S1-S3), B (Stns.S4-S8) and C (Stns.S10-S12).
Vertical dashed line of section—B denotes the location of Shiretoko peninsula tip. Counter intervals
of temperature, salinity and density are 1.0 °C, 0.1, and 0.1 ¢\, respectively. The dark and light dark
hatched areas of water temperature denote the relative colder regions less than 1°C and 1—2 °C, re-
spectively. The dark and light dark hatched areas of salinity denote the relative high salinity regions
more than 33.8 and 33.6—33.8, respectively.
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Fig. 13. T-S (temperature-salinity) diagram based
on the hydrographic data on July 2008 around
Shiretoko Peninsula. Open circles, crosses and solid
triangles indicate the data of S1-S6 (north of the
peninsula), S7-S13 (south of the peninsula, but
deeper area >100m) and S14-S16 (south of the
peninsula, but shallower area <100 m), respec-
tively. Definition of water masses based on
Takizawa (1982) was used as following : Soya
Warm Current Water (SWCW) with T>7 °C and
S>33.7, Intermediate Cold water (ICW) with T<2
°C and 32.7<S<33.4.
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Fig. 14. Summary of inferred surface flow patterns (black or gray arrows) and wind vectors (open ar-
rows) around Nemuro Strait in winter (Dec.-Mar.) and summer (May—-Aug.).
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Seasonal Variations of Surface Flow Patterns in the Nemuro Strait

Fumihiro Mori ', Yutaka Isoda*, Syoko Abe, Naoto Kobayashi**,
Hiroshi Yahaba* and Yasuhiro Isogai*

Abstract

Long-term direct current velocity (GEK and ADCP), wind, coastal sea level, coastal
water temperature and snapshot hydrographic data were used to describe the typical sea-
sonal variations of surface flow patterns in the Nemuro Strait. At the southern end of the
Strait, we find a remarkable seasonal change with a clear one-year cycle in the inflow into
the Strait (May to August) and the outflow to the North Pacific (other months). How-
ever, it seems that such in/outflow variation never synchronize with the seasonal flow pat-
terns in the Strait. During the winter season when the northwesterly wind brows, we infer
that the southward wind-induced passage-flow through the Strait may transiently connect
to the outflow at the southern end of the Strait. During the other seasons when the south-
westerly wind is intensified at two times in spring and autumn, stable bifurcation flow G.e.,
the northern northward and southern southward branch flows) forms around the deeper
area at the northern part of the Strait (i.e., south of the Shiretoko peninsula). Since the
northward branch flow strengthens at the corresponding season of intensified southwesterly
wind, one possible mechanism of bifurcation flow is the wind-driven current. On the other
hand, the southward branch flow is gradually interrupted by the westward flow, which be-
gins to appear around the shallower area at the central part of the Strait in summer and
dominates at the southern Strait in autumn.

Key words: Nemuro Strait, GEK, ADCP, seasonal variation, surface flow pattern
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